The Gould-Jacobs reaction of 5-amino-2,1,3-benzoselenadiazole afforded solely angularly annulated 8-substituted 9-oxo-6,9-dihydro-[1,2,5]selenadiazolo[3,4-f]quinoline derivatives. In the course of thermal cyclization no linear products were observed. Nucleophilic vinylic substitution of activated enolethers with 5-amino-2,1,3-benzoselenadiazole was also studied.
Introduction
4-Oxoquinolines (4-quinolones) belong to a class of heterocyclic compounds with a strong antimicrobial activity widely used in modern medicine as broad-spectrum antibiotics. 1, 2 So far, a vast number of 4-quinolone derivatives has been synthesized in order to increase their antibacterial impact or to study their physicochemical properties. Herein, we report the application of the Gould-Jacobs reaction to 5-amino-2,1,3-benzoselenadiazole yielding only angularly annulated 8-substituted [1, 2, 5] selenadiazolo [3,4- f]quinolones 1. The presence of selenium as a photosensitive element in the structure of 4-quinolones could lead to potential biological/photobiological activity 3, 4 as well as to interesting photochemical and spectral characteristics. 5, 6 On the other hand, it is commonly thought that organic compounds containing selenium are very poisonous and foul but toxicity of weakly volatile selenaheterocycles should be low and they are odourless. 7 Moreover, selenaheterocyclic compounds have been recently intensively studied due to their positive biological impact and their pharmacology along with toxicology have been thoroughly reviewed. [7] [8] [9] Among selenaheterocycles 2,1,3-benzoselenadiazoles have been employed in the synthesis of nitrogen containing heterocycles by a reductive deselenation to form appropriate benzene-1,2-diamine derivatives. The latter ones are readily transformed into benzimidazoles or quinoxalines. 10 Thus [1, 2, 5] selenadiazolo[3,4-f]quinolones 1 become potential starting materials for a further synthesis of nitrogen heterocycles.
Results and Discussion
In the synthesis of 4-quinolones is usually employed Gould-Jacobs reaction. 11 This reaction actually represents a sequence of two reactions. In the first step, an aromatic amine reacts with activated enolether in nucleophilic vynilic substitution 12 yielding an appropriate enamine which after treatment of heat (260 °C) furnishes a desired 4-quinolone derivative. Thus, the key intermediate in our synthesis towards [1, 2, 5] selenadiazolo [3,4- f]quinolones 1 represented 5-amino-2,1,3-benzoselenadiazole (4). The preparation of amine 4 described in the literature employs cyclization of 1,2,4-triaminobenzene dihydrochloride (3) with an appropriate selenium reagent. 13, 14 Reduction of 2,4-dinitroaniline (2) on Raney nickel catalyst using hydrazine hydrate as a source of hydrogen led smoothly to 1,2,4-triaminobenzene. However, free triaminobenzene was not isolated due to its high sensitivity to air, but was immediately transformed into its dihydrochloride 3 by treatment with concentrated hydrochloric acid (Scheme 1).
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Scheme 1
Cyclization of dihydrochloride 3 with one equivalent of selenium dioxide in water (selenous acid) followed by alkalization of the reaction mixture with sodium hydroxide solution gave amine 4 in 91% yield.
The obtained amine 4 was used into nucleophilic vinylic substitution with the appropriate activated enolethers 5a-i. The nucleophilic vinylic substitution was carried out in refluxing methanol or ethanol with 10% excess of activated enolethers 5a-i and provided a series (benzoselenadiazol-5-ylamino)ethenes 6 in good yields within relatively short reaction times (10-30 min.) (Scheme 2). However, cyanoacetic acid derivatives 6f,h required much longer reaction times (16 h) probably due to lower reactivity of the corresponding activated enolethers 5f,h. Moreover, 2-(ethoxymethylene)malononitrile did not react with amine 4 even if the reaction was conducted in refluxing toluene or dimethylformamide. The fact that 2-(ethoxymethylene) malononitrile does not undergo the substitution with amine 4 was verified by quantum-chemical calculations. Standard geometry optimizations of compounds under study at DFT level of theory using hybrid B3LYP functional 16 and cc-pVDZ basis sets 17, 18 have been performed using Gaussian03 program package. 19 Selected electronic structure data of 2-(ethoxymethylene) malononitrile are summarized in our previous paper. 20 In this article, we report selected electronic structure data of amine 4 calculated according to the identical methods used for 2-(ethoxymethylene)malononitrile (Table 1) . Likewise in our previous case, the poor reactivity can be explained by the relatively large energy difference (ca. 3.7 eV) between HOMO of 4 nucleophile and LUMO of electrophile (2-(ethoxymethylene)malononitrile). The structure of (benzoselenadiazol-5-ylamino)ethenes 6 was confirmed by means of 1 H and 13 C NMR spectroscopy. On the basis of high values of vicinal coupling constants 3 JNH-CH (12-14 Hz) in 1 H NMR, an antiperiplanar conformation of NH-CH moiety could be assigned. Compounds 6e-i bearing different substituents were isolated as a mixture of E and Z isomers.
The relative ratio of the individual geometric isomers was estimated from their 1 H NMR spectral data considering intensities of signals. In fact, it is impossible to separate this type of geometrical isomers because isomerization occurs in solution, especially if the solvent used is basic. 21 Although, in all cases both isomers were formed, the E isomers were strongly preferred for enamines 6e and 6g. The predomination of E isomers is based on the steric repulsions as well as on formation of strong hydrogen bond between amino hydrogen and oxygen of the acetyl group. 22 The cyanoacetic acid derivatives 6f,h also gave mainly E isomers, however this preference is controlled by the steric factors only. In this case, the steric repulsions overcome possible H-bond between amino hydrogen and ester group which seems to be much weaker. 22 These conclusions are supported by the fact that 3-oxobutanenitrile 6i afforded preferentially Z isomer. The structure of the compounds 6a-h was verified by means of EI mass spectroscopy and their fragmentation was investigated. 23 Selected (benzoselenadiazol-5-ylamino)ethenes 6a-c,e,f containing at least one ester group or its synthetic equivalent (Meldrum's acid derivative) were subjected to thermal cyclization. In principal, the thermal cyclization can provide angularly and/or linearly annulated selenadiazoloquinolones. Despite the possibility of formation of both products, solely angularly annulated selenadiazolo[3,4-f]quinolones 1 were formed and isolated in good yields (Scheme 3).
Scheme 3
No linear annulation was observed during the thermal cyclization. The angular annulation of the selenadiazole and pyridone ring was confirmed by the coupling constants 3 JHH (about 9.5 Hz) resulting from ortho interaction of the benzene ring protons. Temperature of the cyclization (260 °C), reaction time, purity of starting enamines and their appropriate dilution in suitable solvent (Ph2O) were necessary for the successful ring closure. The best dilution of enamines 6a-c,e in diphenylether was found to be 1:20 (1 g of starting enamine to 20 mL of Ph2O). In this case, cyclization was complete within relatively short reaction times (20-60 min.). However, derivative 6f required dilution of 1:100 due to a longer reaction time (4 h) in order to avoid probable carbonization and degradation. 
Conclusions
In summary, we have described an efficient synthesis of angularly annulated selenadiazolo [3,4-f] quinolones by the application of the Gould-Jacobs reaction to 5-amino-2,1,3-benzoselenadiazole. In the course of thermal cyclization no linear products were observed.
Experimental Section
General. Melting points were measured on Koffler block and are uncorrected.
1 H NMR and 13 C NMR spectra were recorded on Varian Mercury 300-MHz spectrometer at 25 °C with CDCl3, DMSO-d6 or TFA-d as solvents at operation frequency 300 MHz for 1 H and 75.5 MHz for 13 C nuclei. Chemical shifts are reported in parts per million (ppm) relative to internal standard TMS. Coupling constants (J) are given in Hz. Infrared spectra were recorded on a Nicolet model NEXUS 470 FT-IR spectrometer in KBr pellets with absorption in cm -1 . Elemental analyses were determined with a Thermo Fingion CHNS(O) 1112 instrument. The alkoxymethylene derivatives 5b,c,d,f are commercially available, while compounds 5a,e, g-i were synthetized by condensation of methyl or ethyl orthoformiate (according to the alkyl in the ester group from second reactant to avoid transesterification) with corresponding methylene compound.
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5-Amino-2,1,3-benzoselenadiazole (4). To a suspension of 2,4-nitroaniline (2) (22.0 g, 120.1 mmol) in ethanol (350 ml), freshly activated Raney nickel catalyst was added and the resulting suspension was heated to 50 °C. Then hydrazine hydrate (40 ml) was added dropwise at this temperature to ensure a gentle foaming of the reaction mixture. After the addition was complete, the reaction mixture was refluxed for 30 min. to decompose the excess of hydrazine hydrate. After completion of the reaction (TLC, eluent CHCl3:MeOH = 100:1), reaction mixture was cooled in an ice bath and filtered into ice cold concentrated HCl (60 ml). Formed precipitate was separated by suction, washed with ethanol and dried to afford dihydrochloride 3 as a slightly violet solid. Hydrochloride 3 (21.8 g, 111.1 mmol) was dissolved in water (400 ml), charcoaled and filtered into a beaker. To the filtrate, solution of SeO2 (12.3 g, 111.1 mmol) in water (30 ml) was added dropwise at room temperature. The reaction mixture was stirred for 10 min. and formed dark red suspension was subsequently alkalized with 20% NaOH solution while cooling in an ice bath. The resulting precipitate was collected by suction, washed with water and dried to yield 5-amino-2,1,3-benzoselenadiazole (4) as orange solid (20.0 g, 91%), mp 147-148 °C (lit., 13, 14 3-(2,1,3-benzoselenadiazol-5-ylamino)-2-cyanoprop-2-enoate (6f) ones (1a-c, e, f) . General procedure A mixture of (benzoselenadiazol-5-ylamino)ethene derivative 6a-c, e, f (1.0 g) and diphenyl ether (20 ml, 100 ml for 6f) was heated at 260°C in an oil bath. After cooling the reaction mixture, the precipitated solid was collected by suction, washed with dichloromethane several times and dried in a vacuum oven at 80°C for 6 hours to remove diphenyl ether. 
